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Data are shown as mean ± SD. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001 (Student's t test). Representative hematoxylin and eosin-stained images of lung tissues in mice from (R).
Scale bars = 500 µm. Arrows indicate metastasis nodules. Data are shown as mean ± SD. n = 3. *p < 0.05, **p < 0.01, ***p < 0.001 (Student's t test). Quantile normalization and subsequent data processing were performed using the GeneSpring GX v11.5.1 software package (Agilent Technologies). The differentially expressed lncRNAs with statistical significance were identified using volcano plot filtering.
The threshold we used to screen upregulated or downregulated lncRNAs is fold change >= 1.5 and a p-value <= 0.05.
Gene expression profiles of the SMMC-7721 cells with or without lncRNA-ATB overexpression were determined using Phalanx human OneArray microarrays (HOA 6.1) following the manufacturer's instructions.
5' and 3' Rapid Amplification of cDNA Ends (RACE)
We used the 5'-RACE and 3'-RACE analyses to determine the transcriptional initiation and termination sites of lncRNA-ATB and lncRNA-508851 using a SMARTer™ RACE cDNA Amplification Kit (Clontech, Palo Alto, CA) according to the manufacturer's instructions. The gene-specific primers used for the PCR of the RACE analysis were as follows: for lncRNA-ATB, 5'-TCCCTGACTCCTCTATGGCATCTGTGG-3' (5'RACE) and 5'-CCTTTGCTTCCTCTTTTCTCATCTACTC-3' (3'RACE); for lncRNA-508851, 5'-CTACTTGGGAGGCTGAGGTGGGAGGAT-3' (5'RACE) and 5'-CAGTGCCAAAGCATACAAAGGAAGAAGACC-3' (3'RACE).
Northern analysis
A total of 10 µg of the indicated RNA was subjected to formaldehyde gel electrophoresis and transferred to a Biodyne Nylon membrane (Pall, NY). A biotin-16-dUTP (Roche, Mannheim, Germany)-labeled lncRNA-ATB complementary DNA (cDNA) probe was prepared using PCR. The PCR primers were as follows: sense, 5'-ATGAACTTGCACGAAGA-3'; antisense, 5'-CGAATCCCATAAGAACT-3'. After 60 minutes of prehybridization in ULTRAhybTM-Oligo buffer (Ambion, Grand Island, NY), the membrane was hybridized for 12 hours at 68°C in ULTRAhybTM-Oligo buffer containing the denatured probe. Washes were performed as described in the NorthernMax Kit protocol (Ambion), and the membrane was detected using an Odyssey infrared scanner (Li-Cor, Lincoln, NE).
Isolation of cytoplasmic, nuclear and polyadenylated RNA
Cytoplasmic and nuclear RNA were isolated and purified using the Cytoplasmic & Nuclear RNA Purification Kit (Norgen, Belmont, CA) according to the manufacturer's instructions.
Polyadenylated RNA was captured on oligo(dT) polystyrene beads (GenElute  TM mRNA Miniprep Kit, Sigma-Aldrich) and purified according to the kit instructions.
In Situ Hybridization
Paraffin-embedded tissue blocks were retrospectively retrieved from HCC patients.
Quantum dot fluorescent in situ hybridization (QD-FISH) was performed to detect the presence of lncRNA-ATB using a digoxin-labeled oligonucleotide probe (5'-CACAGAGTTATAAGTATGTTGAAGAATGTTACAAAACC-3') indirectly labeled with digoxin-antibody-conjugated quantum dots.
RIP-seq
SMMC-7721 cells were co-transfected with pcDNA3.1-MS2, pcDNA3.1-MS2-ATB, The RNA fraction isolated by RIP was quantified by NanoDrop ND1000 (Thermo-Fisher Scientific, Waltham, MA) and its quality was assessed by Agilent 2100 Bioanalyzer (Agilent). The sequencing libraries were generated using 100 ng of RNA and the TruSeq Stranded Total RNA kits from Illumina according to the manufacturer's instructions. Briefly, the first step involved the removal of ribosomal RNA using biotinylated, target-specific oligos combined with Ribo-Zero rRNA removal beads. Following purification, the RNA was fragmented into small pieces using divalent cations under elevated temperature. The cleaved RNA fragments were reverse-transcribed into first strand cDNA using reverse transcriptase and random primers, followed by second strand cDNA synthesis using DNA After pre-treatment of the raw reads (filtering and QC), sequencing reads were mapped against the human reference genome version 19 using the TopHat algorithm version 2.0.9
supplying Ensembl gene annotations version GRCh37.65 and default settings (Trapnell et al., 2009 ). Further analysis was performed using the R statistical programming language version 2.15.0. After alignment to the genome, the expression level of genes was determined based on the value of RPKM (reads per kilobase per million reads), which was calculated by cuffdiff (version: 2.1.1) (Trapnell et al., 2010) . DEGseq package was applied to compare differentiated transcripts among sample based on RPKM values (Fold-change>=2, FDR < 0.05) (Wang et al., 2010) .
For anti-AGO2 RIP, SMMC-7721 cells were transfected with miR-200s or microRNA negative control. After 48 hrs, cells were used to perform RIP experiments using an AGO2
antibody (Millipore) as described above. 
RNA extraction and real-time PCR
Total RNA was isolated using Trizol reagent (Invitrogen). First-strand cDNA was generated using the M-MLV Reverse Transcriptase (Invitrogen) and either gene-specific primers or random primers. Real-time PCR was performed in the StepOne™ Real-Time PCR System (Applied Biosystems, Foster City, USA) using SYBR ® Green (Takara, Dalian, China) and the gene-specific primers shown in the primer sequences section below. 18S rRNA was employed as an endogenous control for mRNA and lncRNA. For microRNA analysis, real-time PCR was performed as above, using TaqMan 
Vectors construction
The cDNA encoding lncRNA-ATB or lncRNA-508851 was PCR-amplified by the Pfu Ultra For construction of lentiviral vector expressing human lncRNA-ATB gene, lncRNA-ATB cDNA was PCR-amplified and subcloned to the lentiviral vector pRRLSIN.cPPT.PGK-GFP.WPRE using the one step directed cloning kit (Novoprotein).
To produce lentivirus containing the lncRNA-ATB gene, HEK-293FT cells were co-transfected with the resulting vector described above, pLP1, pLP2 and pLP/VSVG (Invitrogen) using Lipofectamine 2000 according to the manufacturer's guidelines.
Infectious lentiviruses were harvested at 48 hr after transfection and filtered through 0.45μm PVDF filters; these lentiviruses were designated LV-ATB. We used empty vectors containing the green fluorescent protein as a negative control for LV-ATB and designated these lentiviruses as LV-Control. Recombinant lentiviruses were concentrated 100-fold by ultracentrifugation (2 hr at 50,000 g). The virus-containing pellet was dissolved in DMEM, 
Western blot analysis
Total cell and tissues lysates were prepared in a 1× sodium dodecyl sulfate buffer. 
Gene set enrichment analysis (GSEA)
We used GSEA v2.0 to perform GSEA on various gene signatures. Gene sets were either obtained from the MSigDB database v4.0 or from published gene signatures. Statistical significance was assessed by comparing the enrichment score to enrichment results generated from 1,000 random permutations of the gene set to obtain p values (nominal p value).
Animal studies
The animal studies were approved by the Institutional Animal Care and Use Committee of the Second Military Medical University, Shanghai, China. Male athymic BALB/c nude mice (4-5 weeks old) were used for animal studies. Subcutaneous tumor growth assays were performed as previously described (Yuan et al., 2011) . Pieces of the subcutaneous tumors were cut into 1 mm 3 sections. A upper-abdominal incision was made while the mouse was anesthetized, the right lobe of the liver was exposed and part of the liver surface was mechanically injured with scissors. A tumor piece was fixed in the liver tissue, the liver was returned to the peritoneal cavity and the abdominal wall was closed. The mice were kept in pathogen-free conditions. Intrasplenic injection model was used for liver colonization assays. A tail vein injection model was used for lung colonization assays. The metastases were monitored using the IVIS@ Lumina II system (Caliper Life Sciences, Hopkinton, MA) 10 min after intraperitoneal injection of 4.0 mg of luciferin (Gold Biotech) in 50µl of saline.
Flow cytometry
Whole blood samples were collected from mice 5 weeks after orthotopic xenografting using different SMMC-7721 cell clones. Peripheral blood mononuclear cells (PBMCs, including CTCs) were enriched from the blood. PBMCs from mice without tumor were used as negative controls to exclude the influence of autofluorescence and to select the appropriate gate in flow cytometry. GFP positive CTCs were then counted by using the selected gate. Flow cytometric analysis was performed on FACSCalibur (BD Biosciences, San Jose, CA)
Immunohistochemistry assay
Immunohistochemistry for the target molecules was performed on paraffin sections using a primary antibody against Ki67 (Cell Signaling Technology), E-cadherin (Abcam), ZO-1 (Abcam), N-cadherin (Abcam), vimentin (Cell Signaling Technology), Phospho-STAT3
(Cell Signaling Technology), and a horseradish peroxidase-conjugated IgG (1:500; Invitrogen), and the proteins in situ were visualized with 3, 3-diaminobenzidine.
IL11 ELISA
IL11 levels in the normal culture medium collected for 48 hrs from different cells were detected with the Human IL-11 ELISA Kit (RayBiotech, Norcross, GA) according to the manufacturer's instructions.
Invasion assay
The invasion ability of each cell line was evaluated using the Cell Invasion Assay Kit from
